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Thioredoxin, a small dithiol protein, is a specific reductant for major allergenic proteins present in widely 
used foods from animal and plant sources. All targeted allergenic proteins contain disulfide (S-S) bonds 
that are reduced to the sulfhydryl (SH) level by thioredoxin. The proteins are allergenically active in the 
oxidized (S-S) state. When reduced (SH state), they lose their allergenicity. Thioredoxin achieved this 
reduction when activated (reduced) either by NADPH via NADP-thioredoxin reductase (physiological 
conditions) or by dithiothreitol, a chemical reductant. Skin tests and feeding experiments carried out with 
sensitized dogs showed that treatment of the food with reduced thioredoxin prior to ingestion eliminated or 
decreased the allergenicity of the food. 
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Abstract ofW09612799 

Thioredoxin, a small dithiol protein, is a specific reductant for major allergenic proteins present in widely 
used foods from anima! and plant sources. All targeted allergenic proteins contain disulfide (S-S) bonds 
that are reduced to the sulfhydryl (SH) level by thioredoxin. The proteins are allergenically active in the 
oxidized (S-S) state. When reduced (SH state), they lose their allergenicity. Thioredoxin achieved this 
reduction when activated (reduced) either by NADPH via NADP-thioredoxin reductase (physiological 
conditions) or by dithiothreitol, a chemical reductant. Skin tests and feeding experiments carried out with 
sensitized dogs showed that treatment of the food with reduced thioredoxin prior to ingestion eliminated or 
decreased the allergenicity of the food. 
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rencioXF.J.^ Cl988) f Arch. Biochem. Biophys., 266:496-507) frcjCoTffi 
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),F.3.^ t C1988) f Arch Biochern Biophys. r 266:496-507) HJgfeofco 
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^~>-T&>K l^F^->> h^TCL ^^FBP T ^-if^^ 
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) f 3--P-^, CI981), Plant Physiol., 68:300-304; ^ 17 CNishizawa) ,A.N. 
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CCrawford),N.A.^ t (1989), Arch Biochem. Biophys., 271:223-239) 0 SD&- 
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HlffitM^ J: amiBBr/SDS- # y T^Jl^Xs K»*fiaijiK:J: « . 

m<o ^ l J7'y> b&##j ) a nadp-mdhst^^ l j&v fbp T - ~e &*£f£flr* & £ 

fclifts^ofc mi$i) o ^"^WT^n^-^ti, i *l*«NADP-MDHJ: 19 
^jcFBP 7 - -t^ffittftt^ tl, ^ ?to Sfc. Tt/n^-Vii. CI 

tiSt^V^TiULTV^dtt^ftBt^i^^ (^^-»tf;vCKassel) f B. 
C1565) r Biochem Biophys. Res, Cdmnuri., 20:463-468) 0 

£ fL h ? CD 1 ®. HP*. & ^ — *y <75 ffi#^JcD * U K3r > WSI&Btg 

fc^fc* S3teWS^ <t &fIE»i. mBBr/SDS— T ^ ,j }Vr * Kl^^i^^ft 

K^->>^^t4^^Lfc (t*- * lifter) o 

xfbp T--t?B ^^uxi^^^ h L^g^^^n-^-^- a ^mmt^fctf 
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t:U, Stc * #^b"T & « * to ^ o £ £ & ^ & * 0 
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HT© 9 >'< 9 mm.<M) hiz : U >, 0. 08 : NTR, 0. 01 ; t 1 ^ 
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£ £ s £a ^tLTV^C^jPA^W CHolmgren); A Q985) , Ann. Rev. Bi ochem . , 5 
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Kmm%M7hm%*m-t) ^^^tlStt^ct^of; : dsg-i 
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133^5 J; 0*120*) c ^ ;v ^ 1/ K^r ~> > ft , DSG-2 ff - r * 9 - -If fi&«!j £ J: U*m 
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fc # > ; * ? cr> |i ^ vf; £ -e % h <d -c, . mfc$> .. 
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■it tz Crj y V - IV (Kobrehel ) , K ^ (1991). J. Biol. Chem., 266:16135-16140 
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a - T 3 7 - i£»^ ^7JVf- x c?)M Sr iijgF^^ £ fc J: if) §£41 

L£ (^*/7 j^;V KCBernfeld),P. C1355}, Methods In Enzymol . t 1:149) 0 
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) f F.J. ^ C1988) t Arch. Biochem Biophys., 266:496-507) 0 E.rry^;W^ 
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)V%tr 3 % jv^CFIuka Chemicals Co.; ^^7, 7, ~)co^Sn^% ■? tz 0 

Jfm^&M? y Z ^mm<D g> . ■* * y ^ C0.2g) 25<C T^5e L 
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10^ 1 <7>1CK SDS ^ Jzc^lO^ l (7)100 n*!^ ^ ;v # y y ^ y - )V & 

1-4 ft g<D?ru***>y tf («o fr^jfw^&Sftftbfc) SsJitfl- 
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n - ^ * - FCCrawford) t N.A.^ t (1989), Arch Biochem Biophys. 
271:223-239) 0 

sd^^^, tu tciEm^ ttfc x 40P/6 ^ $ j - fr/iamwmm*-?? 1 - 2 

_ 7 ^ _ p (Crawford), N.A.^ j (1989), Arch Biochem. Biophys. f 271:223-2 

39) o ILI7^ ^ - t? -a i ffe^v^. o.igcD ^ - v -fV »; t ^ h y?v-^-25 

0(95% jr.^ y ^^lOml^n-^U^^co)^. 240 ml ^> 12% m; :5r n nflfegE^K 

W^feL^: {^s=l.& (Bushuk),W. ^ ? (1978), Can J. Plant Sci.-, 58:505-5 
i: HjVya?^^ (Sapi rstei n) ,H.D ^ t (1985), Cereal 

Chem., 62:372-377) 0 

- SfcMt ( 7 r " T-LKB^ jVfnx^f> (Pharmacia-LXB U"ltroScan)XL 
) T?jfe2ELfco ^;vx^-Y>(Ge1Scan)XLv7 f7X7«LT, ©Jttfefctf 



. C43) »S(¥ 10-51024 

^-•l? (Vt^.xCBaldus), B.^ f C1981) t Phytochem., 20:1811-1814) N Jf 

^--tf ^ ^ n ..j. „ ^ ^ ;u . ^ _ (Schnar rente rger), C ^ 7 Q373) ? Arch Bioc 
hem. Biophys^ 154:438-448) % y j\, ? <f- y t; $ — -if ^ MTR £ J: ^ ^- v 
K^^/^h (70 i^^^^-Cnorencio) r F.3. C1988) r Arch Biochem.Biop 
hys. ? 266:496-507) 0 

LT, 7*7 7 F7t- K^C7*7 7 F7^- KCBradfbrd), M. (1976), Anal 
. Biochem., 72 : 248-256) \z £ o X M5e Vfc 0 

SDS^PACE^jv^h-^fF^Lfco f± BSA C66), T ^ 7* 5 > 

C45\ > i; t*^VE##JG!O.10, u?*dh :>C17), -f- > ^ A c C12.4) 
is J: cFy 7°n>f-~ y C6.5)^ f,^oT^fca ft:7j<o£EE±^ 4" 9 F7>.XtM > 
F o - CBi oRad Prestai ned Low) SEEPAGE $>^?z Q SP % . * X * U 

^ - -tf bCllO), BSAC84\ * ^ j;v7 = > (47)^ * jy -y 2 T > fc F 7 - 4? C33 
\ TCS f'J7->7 [S«J <24)£; J; Of i; A C16) 0 

J&7.R, 7' v y ; . Ci11) jl ^ y - ^//jc, ^ U 7y> lKiv)§^/^ f 



C44) warn 0-5 1024 

, 2.GSH/GR/NADPH ; jgTG^V? > , ^ ^ > 'J ^ ^ - -t? (IS -5 ftA,^ 
(DmmmtDiKD) iSjl^NADPH^ B.NGSiNADPH,^^ fl, * V, ^ * > 

*<?5&<7)) > 4.NTS:NADPH HYR & £ Xf^Jr V F3r >- > (M * Wf^ ^ £ E. u V 

E-3'J) , 6. BIT, 7 . DTT/TCEc} : DTT £ £ ZF^$ V >- (E. 3 rj) ^ 8.DTTA 

v ^ 9 y *9 mfr&te^ -^^I3t mm, 10 . nts-^ t J t v y : v > 

f i25~45kDa c^fEH^Mr^^ L fc 0 «^ a - T ^ -i? *3 i U W>E##J 
1 , 4 isXZFB Clfefti J: 5 i^'J7y>li^ 
whSfcliEoyi^tVF^v'V (W^fc*^-) tcj; ^Stc^^u NADPHC 

^ E. a ij £ £ iffl&l&ifeg?^ £ i* * * v v £ L# & ^\ 
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)ummkm^£^rfrmr^&0^^?tSushuk),W m, C1978), Can J. Pla 
nt Sci., 58:505-515; % ^ ;v ;T (Kasarda) ,D.D.^, C1976), Adv. Cer Sci. Te 
ch. , 1:158 236; -if if Jk^ .sl : ? -< > CSapirstein) , H ,D. f^. .. QS65), Cereal Chan _ 

62:372-377; i3 J: ^ — i?" A (JathanO , A.S.^, (1990), Adv. Cer Sci. Te 
ch., 10:l~78) o l^iJTyV^I^ > CS-S)^£^ % ^ 

£ glWJ fe^^y^a^-^/aV^H, ^ > y f ? tfmBBrfc J: h ftiSWb £ tL> it 

2.GSH:«5c^^^^-*^, 3.GSH/GR/NADPH: »5c^;i/^^^- >, ^JV**- 
* > V ^ * --tr* frA^^fi^fctf)) JSJltfNADPH^ 4.NGS: NADPH 

J; Tf?y[s9 V F^~>> (E-aiJ fi5£<?>4><7» , 5.NCS+NTS: 4 33 j; 6 

6.NTS:NADPH^ NTTH ^ J; W F3r^ (W* £^ E - 3 V & 

cr>) % 7.MET/TCEC): ^ _^ ^ > ^ y - £0^^ V ( E -3'Jft 
^) „ 8.DTT/TCEc):DTT V K3r~>> (E.3»J) - 

D:f 1/ F^r^ y^^V>i J: 6 t 10 - NGS-Hits, -^iJ7y>:^ 

:5nli*-#S8K HP^JttKfi9fi5^ v^^<sDjH5n**, ^^^^^y^ic^^Jk^k 
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M&&&i^\,*T<OZLfrb®W<r>ng i &<Ote%>-?$>2>te? y y CMacRitchie 
) f F.s£, (1990), Adv. Cer Sci. Tech., 10:79-145) o ^oT^ ftl'Rv' 

©raw. -en-em. 3&. 8.60. 5.w&&m.7mftmmkxwre&~>-fco cn 





a 


& 


7 




22.4 


30.4 


24 3 23.2 




36.4 


68.1 


SO. 6 60. 1 




43.5 


83.3 


79. 7 81. 5 




100.0 


100.0 


100.0 100.0 



m<>fr<D9'Jl'T->\*, ^mBBr/SDS^PAGE &flf£^iffl U ^o^ftWWn^^ 



(47) 3#fMF 10-51024 

^3 J; ^GQ-llOkDa comm<D ?y^? K&B) 0 ftorX hL^^ >^ fcp 

DSG- 1 i f±-2 a - T * 5 - -far A > b If* - f z. X *NADP-HDH«>?gf£f fct Z-M^ % *t 
Or U F* S> > Mt»z#»*iz>iS»W 1 J: -5 tzmiEgtfr 



60110 kBa 40-60 kDa 30-40 

kDa 

tSiV 8 23 16 

?Jl*tt> 31 51 29 

mpW> 50 72 40 

f^l/K+i/^ 100 100 100 



* NADP/ ^l>K+^>^3j;eM5E^cD=o©^S^7^ (i§5#?fe&^4£ 
5^PS*T?> CDTO^I±L5 . 5. 67&tf5.04T'£>ofc o ©*^#f£x oil 



in vivo M7cgSg& 



10-510244 

fit&M^Mt tLTV>^^o?i:CShutov,A.D. 5,^1987), Phytochem 26:1557-1566) 
iOWSCfX-SfefeU, mBB r/SDS-PAGE LlM^^r//^ 
l7n^Mti:'{ J H^^L> f&^O 2 H~3 Httne-^tJttiitS: 

0, 40-60 kDa>cr)in vivo V ^ ;v £ i n vitropj^ t>?$5S$ *L?tS5c (g4 
£#M<0££) fciSL^o £<oBfi$K&fc*K, IS^ffKiin vivo -cggg? ft, 

Sftfc^'J T*J~y\± 25-45 kDa^Mrf£Bc>k<7>-C& *? . g ^JV^ — > J* 30-60 
vTvo^^^^^vjct)^^ (90% i-i?) ^at^ D#fc56\ dftii-^^jn^ 
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S. C1390) , Adv.Cer . Sen .Tech. 10 : 1-78) & o ^B^m&ft&^JVrr 

£ (Fickenscher.K A, (1986), Arch.Biochern.Biophys. 247:393-402; BuchEinan 
B. 

B. C1991), Arch.Biochem.Biophys. 288:1-9; Scheibe.R, (1990), Arch Bi-o 
chem . Bi ophys . 274 : 290-297) e 
^^^VV^^oCD^^Oohnson.T.C. C1987), PI an ta 171:321-331; Suske, C 
(1979) v Z.Naturforsch.C 34:214-221)^^^^ £ $ j-. -t^ey^-Ji 

Kg^-c. ntr {±um^^m^^m^h<omm^<Di&mmmM^^^ ^ t&m 



C50) ««¥ 1 0-5 1 0244 



?>;*?W (nkat/mg g^^jggf) 

-M^V tf 0.28 

^ )V zx - t K o y - - tf 0. 45 

fr-P-^n*- b5*t Kn^-t— if 0.39 
NTR 0. 06 

ftp K+'V^h 0.35 



*mm~f2>fi:ib<D^n-)Vt LTlit&it^t^o NTR ^tFNADPHCK'ffc 
obil ization) nHlgta £ £ ^ h * S o 

K^^Cio MTC^^Tt^iMx K^rv'yiiOTTf'J TVV'R.Xiy^'r ~ > £ 



C51D 10-510244 

* m &w<o/h^tn tfc&y^yx, * y ^ r ; ^ k & & i&^»Br^ & £ £ # h 

C^^t, E.coli>^- v ^->>0.2 ^g, E.coli NADP-^^- k F 
*^>3S7C0^O-1 9 ^tFNADPH 500 ^-y ^;v£U%> Y V ^~HC\ pH7.9 ^ 

£ti£mi~4>&< H4Mi:fcfioT, 77'J ;7 7 7?)|»Mo^ 

j^^CNADPH, <f-$rV W^z/yjk. O^NADP- ftv^-^ MTnlK £ ft* 

IpI^FJL S K M o ^ T450 ^ ^ > ^ - o fc o 

SU^7 7 'J7 7W^^T^oj^l0g £fflv>T_hfE£>£ ^fr~ LTft^, NADP 
H^^^co^^^y ^;vtc^x.T500 ^^e;v-e^ofc 0 7 7'J7 777i£fi, 

iftv^n- 7#«^ffi^-T^o ^ttS ftjfc* >v^®£fflv>£in vivo ^ 

tcS^Tv ^^/h*#?-NADP/ F^v-^ttf tz Y*?*mk-tZ><OK^% 

-cab* -9 o 

^«^^>/HM^oi(5l]S<0@fit|W!fefci:> ^0.1 -3.0 ^g 
e>mm<n<f-*}/ F^v-v L < fiE.colif jN^^i- v k^->> h_) &<«j 0 - 
1 -2.0 (7)^75^^^30-500 ^ y ^ ^ ct> NADPH £^10g |t;o^i 



(52) mm*£ 1 0-5 1 0 24 4 

v^«5-1*^JD5*lt%«3:v^ 0 ^>i!<E>§«r«ojfcie><e>l¥#H\ tLfcf ^ V F 

3-^HX7x~ h7*K Kn^f- -ej&^jgriNADPH ^SJoJB ^NADPH H£ 

^NADP- ^ ^ ^ F^5/>S7C»*i:— «lffK«SilI**L&o 

T^n«j*S#CCVO/>^10g £4.25ml<£>H 2 0 ^ ^0 . 90ml ^ > ij x (BOrri^ p 
H7.9)jr^f ^t^20^ 1 ^NADP (25mM) , 20^1 tf>G6PC25nM\ 0.25^g ^G6PDas 
e O.l jrj, g coNTR ^y?0.2 ©f^-v K^-»h taS^^HS:, MKS 

a y tf jl - ^ - "C^J! L fe^tv - y ^ CPANASONIQ.^- ^ y ymW&WMir 

: 

frfiS ; 

^* ; 200g (^) 

TfC : 70% jfcfp (hydratati on) 

^ OlaCl): 5.3g 



(53) ift«¥ 10-51024 

TjyjM _ _ . . . 
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mm i 








00:00:03 


Tl 






00:05:00 


T2 






00:05:00 


Tl 




#it 


00:10:00 


TO 




S^r 


00:17:00 


T2 


*y 




00:07:00 


Tl 






00:30:00 


TO 






00:00:04 


Tl 


32 6 C 




01:15:00 


TO 


32°C 




00:14:00 


TO 


180 "ci^i-re 




00:26:00 


TO 


180 °C 











Tl= ii?*©^ 

T2= £St=3»iB^ 3##ih 
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^6 





NAEPH 


NTR 


Th 












(jug) 


(cm 3 ) 




Mm 


0 


0 


0 


1690 


100 




6,0 


30 


60 


1810 


107 




6,0 


SO 


0 


1725 


102 




6.0 


0 


60 


1720 


102 




6.0 


0 


0 


1550 


92 




0 


30 


60 


1800 


107 



*NADPH 

30 60 1620 96 

*NADPH 

ATP . TVUra-X 30 60 1630 96 

NTR Rtf 

Th 6. 0 9.4 20 1750 104 

'NADPH ATP 50t/n-;*©Mf£ 

NADP. 25 5 V^A- 700 m1 C17.5 j£*A0 

^;U=j-x-6- *X7x-h, 25 5 700 Ml (17.5 fi^)V) 

7*k Kny^— tfCBO Mg/nl) 175 #1 C8.75 jag) 

ATP v 25 5 700 ^1 07.5 jte*^) 

?}V=J~^ 25 5 'J^ 700 Ml 07.5 u^A) 
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mi~ffl-t& rf> o «, -- - 

ML 

KADPH NTR Th ffi*f 

Cxt^/V ) Ctfg) Cjttg) Ccoi 3 ) jgjfc 

0 0 0 1 400 100 

^y^Jl 6.0 30 60 1 475 105 

*NADPH 

ATP . ^U3-x 30 60 15S0 109 

*NADPH 

ATP „ r/l/n — x 0 0 1430 102 

'NADPH 



6 0 1430 102 

*NABPH 

6 7 1440 103 
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zn&v risers Sl^9 ii, K^jSS^Rt^fett 

£fflv>TNT"S ffctf NADPH Ht^NTR ^fflLt, ftfc^n^ 7fl;gj&<|§ 



NADPH NTR Th 

_0£^2k) Qfg) Ujj Cci a ) 

0 0 0 1350 

3-4 3-4 MM!:*} 

>2. 0 >20 >20 ftm&*)'b&^ 



(58) 

fl9 
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(cm 3 ) mo. 

^£NTS 1B50 122 



-vft-xttv v^->> mo 125 

^MNTR 1520 113 

^^^l/ K+S' NTR 1540 114 

W ^XNADPH 1440 10T 
v^XNADPH . *NADPH 

S§3^ 1560 116 

W^XNTSOfettfi) 1350 100 



NADPH . 0.6 ii^JV 
NTR . 3 jug 



C5S) <&mW- 10-51024 

ofe 0 ^lo^^^tifd^R, -m&^NADPH ^ik^mm-z litem-, ^-y^mHk 

tfcd* o $q jg jc -f & v /■? ^ © p S jfe t? co 3fc Jt#* £ 4X fc« 



^10 



Ceo 3 ) m& 

mm 

$*£m 1230 94 

v>f ^XNTSC*fll§D 1310 100 

v-f^xNADPH s :/^X *NADPH 

IMl^ 1390 106 



NADPH „ 0.6 n^)V 

NTS . 3.0 jag 
: 

4.5 jU^KDNADP 

4.5 tt^JlsOyX/a—x-G- *^7i-h 

4.5 x/g or^-x-e- &xy^ - h^fc Knyi-- -t? 
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0 8 ^^E^^NADPH, 40.5^ g coNTH ^^54^ g v K^ry> 0 l" K3r 

n n -> £ <o39T ^ <*? ^ v (i gfcii $ *l £ P ^ £ & 5et4 *B L fc 0 

^ ^ <p a. 9 J - JV BT ^t£fi?jg I V 9 WR V s g T J * t- - b gjjfjjgrji! g >; ^ 

KJS£3OrM0) h y X-HCIjg^£, pH7.9 ^ttroto ^£ «t ? fc, E^ 0 " 1 " 1 ' 
^f,?>NTR 0.7 V F^r->> 1 ^9 4 A: S±P^£ 

VF^y>2^9 imM^NADPH ^^Wffl **L3felfi£^ S 25 - 30 /* 9 * 

. 385-19 SrpSfcaHtO 51111^(7)5 i; j^^-h h'J9A 8 ms-r 2^^fflm-T2> ^ t 
J- J: ^#£ 0 NADPH, NTH #0^* V- ~> ><©J8a*^=b* }±NADP/ ^ ^ 
->>mCNTS)t LTfcl&ftSo X o 7)1*? > CGSH)2.5 nMfcl.5 

rrM^NADPH #£ja.4 ^g ijr ^ y v ? <o3H^ * ^tcI^^&CGSH) 

1 t cgr/csh/nadphjttStcSI tit L tz 0 2053- m <o a y * ^ ^ - 

U McomBBr^^^^t:^-^ a£>£, 10% SDS10 ^ L ^OPlOO mM(7) 2 - ^ * 

^ V ;VT^ K^^«ft^KM1-£S^i±N.AXrawft>rdt,a989 Arch.Biochern.B 
iophys. 271: 223-239) t - J; ^ fB« 3 ftfc fc fcty fc 0 
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, 10~30^g ^^^17 7^^3 >\ 0-5 ^9 <^E.co"H NTR^ ^ 1 ^9 

-*-t?D^-S:. ■ ^ ^ # ;v£fc) -rtti^b^o -y^t^K h-JVi:J:£S 

7C<DfztbK^ NADPH, ^VK^rv^ T^NTH % . 0.5 irMtf) ->* * X W 

gffltDnBBr&Wsmfclk-tZtzltoK^ 10%SDS10 ^ L ^f/lOO rd^o 2 — pt 7" h 

$ ft £ > S^MtcW $Z<D SU * CO SDSS- # Tj T ^ TJ ;v T ^ m^gl^ ;V £ 
<7>MJ^-HC~U pH7.5 -c20fr[lflJ4ffi L. ^V^70% jc^ y - ;V -e 2 BfEtSMm Lfc 



) ^W^g-efi, GSH S^^GSH/GR/NADPHt^T^'b^T^^^ 

5 y*r-- b"?S&aj^*t*:^ V^Jt^NWDP/ ^^i/F^v>^CKrs) t ; 

^tf^&tf^^^^K^eagfcJ: SjRjnLfco 5 y*x— 3 ft*: 

^>/^j(^>in vivo fi5£4fcS3L'Z/"^* ^ K^^XWatin vitro M^^HIi-^ 0 

y htrjfim U NTS ^ j; Mth L> ^v^mBBr^^jjL, i/c^k 

3< 4 :>-T?f±> ? Jf^CTT ^ J: >)jil7nLA:Ja^liC3)0J: ? fc*#TM>ojfc 0 

fi^ffcS ft£ £ 3 t*ojt 0 aMfc3ftfc*>v^JIIi, ^rTO^^MTS 
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2 flMjfiaj« ufc.HJ: 19 tr.jif.-T~ y £#fc 0 iK-iQg Si; 70% j - jv 50ml 

'* 




7* jx 9 A Ourum)/^^CTn'ticum durum Desf cv Monroe) {^K-Kahnj^tolg 
«paT*ofeo • y~^*M± MO) ^^¥L 

Lfco L — 1 — fy^T5 K— 2 -7x- u u^^-jVr h > CTFOO^L 
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^-y"^^)V^\ P5380X KYI (T90O3) „ BBTia9777) % 7/A^>, 

Jacquot (de La Motte-Gueryf, , 1991) £ j; Jq mjgjKfc&Z *Ljfc c 3&&x.^* 
5 }c\ pPMRZl^-^-frNTR ^^Marjorie Russel f^dr^t^Pfeter Model ^.^(Russe 

tj trCR1b1)^3|&-7 ^ ^ zs 3 t> - ^-Pfi-e25,O00 psi-e^L. S ^ KT ar n 
~J*X|g£fflv>&v>^norencio t, Q988) \ z X fSfc £ fifi: J: 3 CLT^ 

rfe«$*L?feJ:-9K. LTllS L fc Oohnson^ f 1987) G 

-)V^tr^ ^D^m^ Y') ^ PH4.6 cosfif^jflfTJSffiLfco 

4^-^48,0009 -c20^ima{^fl*WL7t:o ^ ^ ? b £fTC. ±^^=£r 30-70 

PH4.6 ^ft/j^f^-e^jK^^^ 4tr-tt^toTr©lfI(;^Ll 



C65) tlfl 0- 5 1 0 244 



(?) EDTA£^ 2Q ^ 'J^fth'J^A ttffiffflU PH7. 9 0.1 ml 4j-e30l3-e 2 1$ ffl K 
fctotffo^o f-^- V F^r->>-, MTT^ #^NADPH 0.024 rng/m\ 

0.02mg/ml A # 0*0.2 5irM-x*& o £ e ^TC^jtLTDOT fcjgv^fc, B)TA^^IMADP 

>*h'jyy> ttpfijfSr 1* S (± * > ^ ^ ® fl^i ftt<?)«S^ £ £> i M o 
K^^-S^*C» ^l)©pHtft^fc200 irMcOftft^* b 1 ; PH4.6 35^1 

I-^n; »?4-7 KWSSLfco ^tv>^7*p^t-^»J1°^ 

-f&tztbK, 100 nM©7i— ^pt^^^^J*: — ^^JV^y KCFMSF)2/£l &^10 
%SDS10^1 ^M-ftl^^tci^ijnLfco »^nf7-€l^J-?l^ #^^SDS 
t^yjViff [0.125Mco b V X~HC\ pH6.8^ 4 % Cw/v}SDS % 20% Cv/v) ^ ij 
-fen - JV^ 10% (v/v) g - $ y 3^? j — ji,^ 21 cf 0.02% Cw/v^-p ^ 7x ; 

% * t Jil6%SDS ^1; T ^ 1; = ^ (Laemnfli, 1970) t ; j; 

T y ^ 

i-*lsY^Z/y%. t^MTR £ Horencio f> C1988) tc J: Ij ©UifEfc £ ilfz & 7 KL, 
TMfLfco b U 7"^>yM4^5QtW^ f y x-HCl, pH7.9 4^ £3 t Lt^N 

-^(Mundyt,, 1984) ^MiSFf^ £ t K £ . ifcliT'/*^ >IS^t) h'J ^ 
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Ojftth^jgjfrl-Si t i^J: VJiiSt Lfco 20rMcDgim^- > t ; ^A, PH4.6 co^fg^ 
1, ^^IOtM^ ^ - ^ ;v# 7" h ^ y - Jl^SO^ 1<7)20CM 
^Iftfy^A, pH4.6 x %LV?1£0 ^ 1 ^ 2 ^T'/S^ > ( 20rrM<75 xj > $ ^ 
hU^A. PH7.0 c^) fc:^i||iL/;o 37<c-C 1 a 1 

C8000 g)^-e5^W^^L^HmiC, Ji^^Sfcl im*^flSC*j . lN^NaOHirTfl^ 

fflLT, *>^SJ*&£/*>f mKSTiiigLTtCBradfbrd, 1976) Q 

kDa/7 - y kDa ^ ^ >- - A- ^ > 'J -f =y >>f > fe if ^ - (i^ 

* 2{i^O ? 7 4i^> ; ^ ^y -f K^$"g-tfCBirk 1976; Wilson 1988) g ^-frfco 

§&# s . fg^^-e^US i fc^£>*LTV^v^^-;V^ y/^^® (Holmgren 1 
985) ) <r> Mimm im^z £ ^ L X </> & ^ ^ o 
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M KTJ BBTI 

y 1 1: ^ - 

swfc$nfcto i7.o 

NTS r ^J:*)^^nfcl>© 55.6 
DTT 2 i^J:0S7C$nfc*>© 68.6 
LA/Tn h s tcj;^^7£^tifefeg> 40.5 



f» L fc 5 y h ^ CO *3"£> #HM£& 0*#*tt CFri ednan £ ^Cumbrian 1986) D - ft 
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k,1976; Ryan, 1981) 0 MtuK J: $ ->*X JV 7 4 KS^Mnt, |ft£5-H*l-£ 
-ftT-r* - £#ftkftTV»*CFrie*an 1982) 0 f ^ V F^y >^ I^Itc 

1982^ f>* 1991; ^OHcDi PI etro^yf Li" ener 1989) ) 0 
512 

m-fb^n, g/'E.coli WADP/^^P K^^>^{Cj:^jc^g>7-^^^^-7 

mm KTI BBTI 

^Vtb^-^b 100 100 

MmSixtefr'? tzH y b b: ^ - 

^-ffc^flfck© 26,6 9.4 

itjc£n;tfcCD 76,4 82.4 

mitZtltc&CD 52.3 nd 1 

M7t£$tlfch<D 98.7 nd 

100 'cu^mmm^nt^ 

MYfc&n/c&cD- nd 17.2 



' (69) mSkW- 10~5 1 0 2 4 4 
yPTl-^f^ - - - - - 

^tt^^-r^s^^^-r^/c^^. for atrBBrr^jii^SRftcFK^lB^w 

«fc D MSe L o 5 H L fc/>3£&-?^ S> © 7 n -f T - -tr »J -CSUfc t 
■f-* P K^r *s > -FMTt 3 tt^BIl (i !/ n T- T 1 — If M^'HrC& o fz a £ 

* Jf 53-fM#'f££/K L /tm^ii [Wf * - V #33* L fco » y r - * 



C70) Q&pf. 10-51024 



MS 


KTI 


BBTI 




100 


100 










97.9 


67.2 


E.coli NTS 3 


22.1 


16.0 


NTS V^X^U K^SO 


90.2 


nd 4 


NTS v-^XNADPH 


97.7 


nd 


MTS v-f^-xNTR 


97.9 


nd 



] 30 e CT2BfM©E.coli^^"P V**/>%ktZ&&Mjt&lZ* pH^200 fMvmmi- 
MJ^ PH4.6 ©^^^^4.7 KsSflJUfco 

3 NTS : NADP/ * ^ H> f 

^^i/^tit*/Tt 0 m^zit, 4>t ¥?~¥>^?m<o^*u v*y>m 

t ^f^CBirk 1985; Friecknan ^ Gunbmann 1986; Friedran^, 
1982 1384)£fi|^££ 0 J ^tt^cD^f^ii, S5n (Ij3 



ax> 1 0-5 1 0 24 4 

^^tt^^Pj-rafesCFriednan 1991) 0 

fcfcKH ^^BBTl^^n^r-^iS^&^^Tfr-UvMf^ 

f jClt Sr'i^tti - & (Baumgartner^ yf Chri speel s r 1976 ; Chrispeels$. Baung- 
artner, 1978; Orf 1977; Wilson 1988; Yoshikawa 1979) Q gEKJfc^ 

tz X r> fc. (i/J^Sid 1 ©^ * t- * > ^ St * nrtMh-r 

£ <0 1= [1 * * I" h fiE»^ £ o 

^^!l|.^(Sharief & Li, 1982; Youle & Huang, 1978)$-* 2 S 9 M 

tr^rCRicinus communis L. var Hale)<^||-=p:£ Bothwell Enterprises Ct- 
Xj-HT'V-yifi^^^Xftfco tklt^MFu* Sigma Chemical Co.(^X- 

pFP I Sr-frtp"^* F^-^>^(±, Dr . 3 .-P. Dacquot^^^^jLfcCde La 
Nbtt-Gueryt>, 1991) 0 H^i^yX? h% pPMR.2 1 *^«>W^±> Dr - Mar 
jorle Russel t Dr . Pfeter Models ^mjf-g ft. ^(Russel & Model r 1988) 0 

f-^- l/K+y V&O* N T R ^cle La Mott-Gueryf, (1991)^0? Florenciof, (1988) 



(72) 1 0-5 1 0 244 

Laboratories (# i; 7 * ,p - 7^ 1; y*^> F) frhBXLfc* ^7 7n^ifv 
> (mBBr) Xlift^^f CalbiochemCft y 7 * 71/ ~ Ttf^VT** x tf) 
^^A^Lfco ftolSp n p£J!E5E7n^fbA^U A^it^^M £ lfc 0 NA 
D P - !j V =f^7"t: F n ^ — ^AXfy )V? Y — X— 1 * 6 - tfx zkx 7 t ^ - 
n - > Qacquot^ f 1981)^^^ ^ 1^ > y ^ CNishizawa^ ( 1982) ^| ^ £,ff 

JIHSrff l - t J: V) fr&m&frh^M Lfc CFIorencio^ t 1988) 0 ^ > 
v $r ^ ^ _ £ & y v > V *? <r>m& h Mm L CFIorencio £ , 1988) 0 
y°n ■r-f >■ — coij-ji . 

^rr7-^>^?7*-f- ^#7Xit^-e» L £ CYatsu & Jacks 1968) 0 t> 
1 5 g *• 4 om^^'J -fen-^t «7- *J ^m>^-t 

9t (4 1-4 0 0 XgT2 G^fW) 3&'£.y9«U itHM»*lfci&Jfco 
3mSr2H«fe»)agb7t: 0 3™!^ 1 0 O^f 'M-HC 1 ^777- (pH 

8 • 5 ) Tjftffi t* «fc *? BT-i#« C "v f 'j y ^X" )1B^# f> o tifO 

')X-HC1^77- (pH 8 - 5) ^3mlo6M ^-CfflaJL^o 

2 S * Tully & Beevers0976)o^j£S:3EMU , rSI*lb3to ^ J- T J 

■yn^^A^MI^S^fn-HC 1^7 77-, pH8-5 (^?7T 
— A) tfiftl^DEAE-fe^-^ (DE-5 2) ^?7r 
^ A *o- 3 0 0^NaCi 43ffiT$&SiLjfco 2 S ^r^tr 5 ^£ ^ U ^ 
$tmte£ DifLfco llLfcl^^ 1 5 O^N a C 1 mti^?77-A 
-e^Sffc; t^77-^'>7FPLC7^-n-z-12 (HR10/30) #9 



C73) ^¥1 0-5 1 0244 

7r-A-effftLftFPLC Mono Q HR 5/5# y A ^iJUx.fc 0 *^A^3ml^ 
/< y 7 r « A , a'7 7t-A^2 0 ml <D 0—3 0 0 a C 1 ^EH^JSS, Mlk 
ClMNaCl mt5A7 77-ATllLTifL^o 
t2S^^^Stt, ? - 7 ^ - 7* ;v - "CM L 5 D S * 'J 7 ^ ') > 7 5 K-^ 
^^ffliftfc'S'S fctf*ofc (Kobrehele,, 1991) 0 

^yrf^RcDSTG*, Crawford A, Cl989)^^ey ^nt^yCmB B r)/SD 

mm^>^7M<oM7ti, tt^RZF-Jvm" -eitfiELTt J: ? \zfeMLtz 0 7^^7% 
*77F7t-KfttJ:o T^fe (1976) 0 

^ — -fcf&O^JV^ h-^ 1 ,6 - T If ^f^^fTSfci&JcWada^, 1 

98l7°n f n-/i/£JBv*jfc 0 V K^y>ijaf^t?2 S ^y/**5t£M7n 

&.W}fc£&mM*¥^ 2 y^SJfc^-^-Ljfc (Crawford?-, , 1989 ; Kobreh 
elf,, 1991) 0 

*l/CV*£v») 5i^(7)ll9tl^ 0 1&^7. ti:»t; 21^8, GSH 
/GR/NADPH :Ix^^f*>, ^JV^f^-VV^^^-^ (*7l^> 
V^cD^**) S-CfNAD PH; 3^.0^9, NGS : NAD P H. S^C^JV^f- 

^y, ^jv^^^-y v¥? (*>7V>y7©Ifi$) STOUfi*^^ 
^y K^-y-y ; 4&o*i <k nts : nadph. NTRi^fi y c 

*Ki^l»SS*«>^y^^JC5;5 3ttJ f 1 1, NADPH ; 6MI 2. NAD 



PHlTOlfNTR 0 100^ ! ^-HCl;t';7y-, p H 7 - 8 f^^K 
JtSSr^To fc 0 ?t^c£ *lfc± "9 0 - 7 ^ 9c7) NTRllFl ^ 9 <7)^^1/ 

^^>a7ISM7 - 1 2 tco^Tfi 1 0 ^9 ^'JX^n^ F^>-/^ jf £ 

7 o i o^s?7r - \ x.xio yfrdi<t~ t y &m ^ & \t . * 

^aft^nM, i . 4 ^ g 05 ^ jv # ^ # > \s $r $ 9 , 1^9 F^-> 

e§t^2>fcfetmBB r/SDS-Pa g e&*JBv*fc 0 (Sl^ 
£tLTV>&v*) (i^lUL^ (1) fcf-ffiQfo&UfcL); (2) tl+NTSC 
v h »; ^7 ^ ^ £ ^ y 7s a-r F<o Ktm ( 3 ) jttflffC loot: 

1?3^MLfc); (4) *frBR+ 2n«DTT (10 0tT3»U) B 5 ^ 9 

(p H 7 • 8) *T~2 OfrmJ f Lfco 3tfc> mB B r , 8 O^M 

1 5 frmmiffctk, mBB r /SDS*' , J7?'JJI'7^ 

^ >^e-f*^ -<o£Mi$B$K h u -7 VERSES ft, "BJW£<^h£v^> 

%/ y Ik l/K+WtJ:J6 StcI ^ £ 3c£>& 46 £ JMI Lfc„S 

*^@<^^^Hj5S^^^" V K^-»tSlftfc« (Holmgren^, 1985) ^|fi^-e 
ttjg £ * ^ t t £ o 



C75) 0-5 10244 

K£ if-7*-> MJ -fc <fc ij-*-^- Lfcli^ \z^m^2 S 
^t^ai y bcoM>nj5 5 NAD P/^^- W F*rzsy3k (NADPH, NTRJltF 

3S^K^t£%^ v K^v>{i, >?f^ hl/^f-^ (DTT) -tMfc^i&KiEfcv* 
l±N AD P GXWNTRrBSSRftKgTC? NADPf ^VF4^ D 

TT^^DTT + ft V F^r^ViC J: £j»7C«^lfiEtt, 2 5tt2 05^fc 
^8 4%, 6 7 %R&9 0%t^o/; 0 _fcifc L ^7 >f Wf*gfc*3 

2S^»W2^SD 5 % £ - / /Utj^ h -^©SFfcTK 3 

5JIHSnftLfc*&<^&tiyyKntc»JW*o NTS:NADPH, NTRStf 
(*i'Mf V^7f ) ; GSH/GR/NADPH :M 

DPH;NGS: NADPH, dSjc^^^^-^ WftVI/^ ^— # 



C763 



EfSPJI 1 0-5 1 0 244 



MM 0 

* - NADPH 0 

" - NTR 0 

DTT 67 



t-VKM^fc* >/*?M.V>&tA,¥t<D£ ? 2 S ?V/^Sl±NAD P - T J 

y rrm^fc Kn — -if <t i?SS*ffiitfiH*fl:L^ f-^mi7r * 

--If t (±Hi A,ti£'Ms^£ 4*oA (2-6 CMLT 0 - 0 nM/^/mg^ 
JO o 

2 S ^>/^ffHJ: *K 2iBfS<?5^^f Utft ^ F^^^II'teSr 

) Sfil^^TNADP/f R^>|T|l|SSlW (i i) 1 0 OtJK 

y y° > -f > k if * - t <?> jft* K v> t s ^VK^-»i:J:l»9^ft v ^ ;i> 



(77) 1 0-5 1 0 24 4 



^^m^fei^^frftfe^i^S-CSfesCVoule & Huang, 1978) 0 iGOW^S 
(A"ltenbach^, 1987; Anpe£>, 1986)^ 2 S * ®#*tr^ > SlOtS^ 

0-1-0 ■ 2M\<r)&JL\±^y y 7 ff'Jt^ (0-2 

rag) ^ n7a-^ftfo^ dttl* 0 ■ 2ml<7?-y - h ni?-y -^JVM (DA 
) mm^M^fc (lg©DA, 3 0g©)im , JfAt , >'J')AM2 0ml« 

o S^*l 0 0t-C5^»U afci&'t'T^iPLfc (Sil) o ^t»£2ml 

2. ^^--gf&tefeOfl-tff 

dHU 10-100^1 ^y^v^^-"tft^f4 ( h 'J7-HC U p H 7 -5X(i 
5-2 0S^^^-NA. p H 4 - 6 ^) £25-100/^020 0"*%^- 
NA, pH5-5 (^©^y -7 t -tta^&OSiftp H£ 5 ■ 5 tti^CSio 
) atTl 0-2 0^1 <502 %Cw/v)^jV7y ti^Lfco S-£rm£, 
-ifOfg^K^O^T 3 7 r-C3 0 - 1 2 0 V^^^<- h Lfco 2 0 0 ^1 

OD Ai»£2jD;LTKJ&£#ih£^£o j&7C»£_hIi*>J: 5 fc^ibfco 

ft: 



C785 fiWI 0-5 1 0 244 

1 . um &m<Dmm k £ o t # ^ *i * * - v com & mmx itmr u & s 

o~60 fcffitttrv^—^ a H$ha^#&*Lfc — - t?^:/^^ — -if Si 

o \$&<Dm*}?xfcfr&<, Jf, 2 0 0 /i 1 <DD A iSH 

2. tH*K?)DTT ^#7* hJi^7-;V (MET) XJiGSH 
) . ^^ffi^ffi^ 2 "«J: OD«iiliDTT (MET. GSH) 

TT (MET. GSH) fcfeJm Lfclj-ttfiffc fcfc V* 0 fr^#*+ft#Nfc£OD 

2 0 0 gCD^^&m^-K-F^J ^^-^Um^KmWV, 5%Cw/v 
)NaC It3 0t^i5^T3P$ifflffll/c o 3 0-0 0 0 g, 4tt2 5^II 

^HCK pH7-5tfjSU i^y7 7-tWU4TJT-|!teiMfU<, 

ilLt D ^/f^3r«-tfc»SH3:fcft, ±»*NH.0HTp H 7 -5 tcS 

2 0"* fl HJx-HCU pH7-5t¥fftLfcDE5 2^/7A (2-5 
X 2 6 cm) jr^^tLfco 8 0 ml <O±|B^^ ^T^I^jSH,^ *7^*Sl0 
- 5 0 0i*h'n-HCl, pH7-5TS*Lfc, 6 ■ 7 ""toll 53* * 7" 
jP9^-^f*jKj 3 2 5 ^N a C 1 t?aiAIU ^-©^ > t tf^-fi*t 1 0 0 a 
C I -^J£*Lfco 7°^^-^^ CM 3 2 (2 0^m^ b'J^A, p H 4 ■ 6 
) J^7 7 0 0HR (200 a C I ^.Zfl^E D TA^ttf 

S3 0n«f'JX-HCK p H 7 - 5) 77^TlCif lfc 0 ^ 



C79) 10-510244 

CM3 2^n?>y?7>f - 

DE5 2X^^^«0^';V9^--4fH r ^fctf^-gtfl* 0^1) ^15 0^7 

mmimM^2^ ^ P H4 ■ e twifiu 2 o»»teMB-> u^a, P H4-e 

h'J^A, p H 4 • 6 -rspffrft; LtCM32*7A (2-5X6 cm) -e^ a h ^ 

^Vrt^It*:, 2 0 0 2 QnMf^^ h'J^A, pH 4 ■ 
e^SJ&O-O - 4M NaC 1 ^i£*Lfco -ffr^i—g E**S14*^«>B^ ( 
*y-^U M#fL. 2 0 0'»lo20"*ft*t> , J , >A, pH 
4 -0 *0 - 2~ lM Na C 1 E^E^ffl^tCM3 2 ij ^ J, (2-5X6 cm) 
fcj: >^97-f -JUkSLjfco 

I2CM32 ; 7 U v > ?*7~7 ^ -3imfrloV>°7fr?i — 4?-f > t tf^-®^^ 
HflE^^n-^^JsfLTS^f^y^-caMSL. 2 0 0 "*"N a C lMl 1 * 

E D T A £#:#T& 3 0^f^-HCK pH7-5 tWl^: ^7rr7 
7^G-75*7A (2-5X8 5 on) -c^HLfc, ^9 ^--4f Ba#fiH*** 

lO^FU-HCK pH7-5tif UtSffL/co 

— -if j y g g - g> gj $£^^1% 

5f-C&& 0 YamadaCYamada J. G-981) Carbohydrate Research 90: 153-157) ^ g£ 

mn^Mym mSLlX, DTT) Xli^fr-i? (MxJiT, MJ^>) t>f 

frm&7)V v 1- - -if * tiSWtt4flt«T$ & d it^^lfc 



cso mm^ 10-51024 

, U DTTt 2 0 - 3 0 M7 , W>^a^htl»ia;j:!3 3 

~5f§^v§mt:L^ 0 l^l***^ (3o~6 o%m&&m<oi&m& 

fctSfl-J: 2 ~ 3f£if;*;U D T T it zf)\> y Kik < j&vMiis t A. trie* L 

kt7-^l^^of;o DTTOliilt ^ g-f > fc tf ? - * 

Mtc L^f&MtS - t »K 9 ^ - -t?©*S14£: fe"T o ^ *t tf&ot 

TOtt/cDE 5 2 * 7 A (2 -5X2 6011) icJH^fc* L 
flL C "^MbUfc" 9 3 2 5 ««N a C 1 -?«£*i 

4* W^J?*:-:* LT[W)SL/c C^M N0.4 4 - e o) 0 5 0 ^1 <7>ti-^ 
^JV^^-4fM'M5* (5MB No -4 5) t 5 0 ft 1 (?)i(7)^ >/^II^^^ 

-■&mmm&&yF~t* >st?We-?&%3 1 0 omMN aCl t±4DE52*5 
No. 8 ~2 5t-Mt^^t^^tLfc 0 
7 e ;V^--fr^ vt If pH4-6M'4-0(^)CM32*ffl 

y°)V ^ - -tM > ^ ^ ^ - 

P H4 ■0«D«feaK:jH L LTH-'teT**ii:* s *3^o?to t77f?^xG-7 5 



C8U 1 0-5 10244 

^-O^Ste 8-15kDa±2kDa -??&&o Mi-, 
V K^r^^gTcBTIg* (S-S) k&tofr-z>& 0 

o v * yf A ^ V ^ ® tlt#<ii o 

&n 

^>ht7-^t 100 

SStfb 30. l 

DTTIC^SjKc 46.1 

^BilT rx/DTTi:J: £S7t 95, 1 

*IMNTSrcJ:SjS5G 40.4 

GSH/NADPH/GRir £635* S3. 6 

^-^Mg£r&14tc L*=o S 15 ^£*L& rtLfj^gfett, NAD PH. NAD 
P-f*UK*-»V^^^— g (NTR) Mf-tl^F^f-^ (NADP/f 
K^>>^) j^fcfcfc&S&M&O'?-* k F^f~>> (Tr x) 310*^* h k 



C82) 10-51024 
NTR 

CI) mXv.^.M+NADPH » 

ftUF^'» re d« (t d +NADP 

tz 0 #tK, fcfcf^-* >^K*^^^«J£KffSLfco mBBr/SD 

-> v -e#M65 ^ mth $*ii£tx s tifc * > ^ si** :/ ^ 9 ^ - ^ mmm 

^ — -tM > fctf V^?Sli|jS#NAD P - V y *WLm Kn^ — -if© 

^MW2 2 

2 Heffi©^- ? # n 5 -tr* • -t V tre/^E-CSaccharornyces ^erevisiae)^-^ 
^^jtfic^ (Muller E.G.D.C1991) f 3. Biol. Chem. 266:9194-9202\ TRX1 
SS^tT-afc^^^V^A^^^*-, fffl^lf^ YEp 2 4"C?ii 

tiller, E.G.D £,(1989), 3. Biol. Chem. 264 : 4008-4014) £ ffi ^ XS fit? 9 ^ ^ 
rz/n^ > fe^ «fc "9 V K * i> ^ CDiMS&afcfFtt LWV^'^ 16 



C83) mSk¥ 1 0-5 1 0 244 

NAD P-^^-V K^yy^O^-€lfi^^ r^*SWf>tgL 

V'><^^6^oV^T#£fliS*l.fc^JllCnorencio > F. J . (1988), Arch. Biochem 
. Biophys 266:496-5Q7)*^^xm®mm*hW.m*MmiT2>* MteftV? 

C:oE?tJ^I^Tl«lc^lt-i» 3 K>f If: J: oT, 2 0gl2 4rfc3=H& 
iDNAyn-^l^tSo T'o-t'*, ^"^f V7*u v > 5Hf «£ *J E c o R 

-f-j£> (Szekeres, M. (1991)3. Bacterid. 173:1821-1823) 0 3&JJ4g&fl^ "/ 

-s^4yV 7 KJ^flKti «t >} MSUT^> CVogeli, 0.^(1987), Methods Enzymol. 15 
2:407-415) o ^ n ->£. jtfSSzekeresf, tt?t D N A *EyflftSfei-a 1 1 

K£ ^NADP-f^V F^f-> V - -if <£itfc^£&o DTH3fe-r 

fefWNADP-f*V F^tsZsUFPP-^Mfc^&MM^MZtl&o NAD 

fti/^yyOTADP-^v ^wv^^-e^natiit* 



CS4) mmW^ 1 0- 5 1 0 244 

-2 g^fc^^ilWlM, It 3 0 0 ~&J5 0 0 *©NAD PHt^l M 

f n-HC 1 y p H 7 ■ 9 5 ■ 2 5^1(0 3 0 n*fl h ij x-H 

C 1 £#fc 0 ^jfiWl 4tBS«S*Lfci5 ^KJSf^^n7 r V S 

&O i f£SC£^£&££-r& *k (D £^5*14, 
603fc#); (2) ^'✓/^fifi§*J6i:fiv>TNAD P V K^-»^KJ: o 

itt*£ 0 *^S (10g©/>*») tfe^T, 0-2^9 co^MlftVK 
^r>->. 0-1^9 WAHNADP 1^ l"^* * 3 0 0 

- 5 0 0*)NADPH^ lM >'J^-HCK p H7 - 9. /^7r-fc^i: 
2tP*_"C5 -2 5 ml ^>3 O^MJ-X-HC I £#&o > f±, — ttO^JSSfea 

9fej9t*±-3r^fi«i*^fi&co#*feT^a&a Q NADP/fi 
g^ga 2 5 

■2^9 £>:fc§^>M l/F^y>, 0-1^9 (O^IIfNAD P -^-sj- V K*~>> 

uy??-J£%.U l b 0 0 nMc?>NAD P £ 1 M b^-HCl, pH7-9> 

7 7"-t*t:i|i.T5 -2 5ml<7)3 0"Mfn-HC 1 10 g <7>SI©£ 



C85) W10-5I 0244 

»©«ft-iVVF7^7 (SH) IP*>, i7n^V^y>> ^ 

Y*czsyo^£fe.T<W ^lXliDTTC±-3TtStS^S:ilfttSo 
^I/K^y>«Dl7G(t flL<liNADP-fi^m^ (NTS) £3^ 
Tfe^S 6 flOi^ NTSli, N A D P > NADP-^I/K^-»U^ 
^--tf (NTR) S^iVK^r^^l-ttfo 

^jHH*-r^aiS*LS "ft-JH^K?^ (SH) M" lis MtcL^^-^-jv^ 

vZTs (SH) ^©ffcjtii, r*L^*MHi4S^t:£ltS^fty 
(SH) #Jfc X fy&t&m&l-CMTtZ fi, tfc^l^TO^ti 

mt LTtws 0 0* t< ^-jh/k?^^ (s h) sat 

JtsifcAy ^r^^-tr-r h-t* t ttcj; ^i&tkfbstf-ix, Sf a bv^ 



(86) fWP 1 0-5 1 0 24 4 

^777-*>lv^tL4 0 (SH) MltMyuf- 

H'ttgtfMLtfe 0 ■ 1 - 5 ■ 0 p 9, 0£ L < \tm 0 - 5 - 1 ■ 0 p 9 OlSf 

< ii 5 - 1 5 nMc^TU y tfBfc&tflft 10- 2 0 0"*, f L < ii 5 0 - 1 0 0 ^ 
(?)l7nDTT (£? £ L < 1 ■ 0 ^9 V K^fS/^O^^ET) C*£ffl-e& 

NAD P V- K^^>*W^&*ffi^T^l^J|l#S:^f&ttfl:'r«>^K:* 

^Jj&Ste, 100/i9 <??#S* 1 0 fx9 <7>^T^Wig#H^b-Cft 0 • 1 ~ 5 ■ 0 /i 

L<f± 0-2-1-0^9 <^NTR5^0 . 0 5 - 0 ■ 5"K 0tl<lil]O-l 
-0-25 ^NAD P H^ifflni),, 

?5t£1M:<aB&> ^f£fttfre#;g.a f ?-# - i- k ? ? x ( s h ) sa^s £^rT 

*fl^-JVVF7^^ (SH) #^e<so*>*«ic 

(SH) Sfl«>'1B#^«>04 L^S-^^tt, ^tr<o*>**05 4foi5 K^Scia 
fl#^fev>T#i^#$ri!NS^*^«>k:M^f J *La^*-^^K^ ^^i (S H) 

K^MteMtt, gCMLTlfiO - 0 1-0-3^9. Sf * L< 

f±$] Q-0 2-0-0 5^9 c^TCf^ l'RV>;ifE|0-0 5//9 1/ K3f 

V>«D#^T©#& 0-1-3-0 iff L< (±0-2-1-0 ^Stc 1 ; tffgfc ; $F 
SL<f^O-05^ V K^V^fiFfcTOJfo 1-0-3 0 t/^^ 0 

JL<li 2-0-5-0 ty^^^DTT^lT^^o 



CS7) mmW- 10-51024 

NADP-ftV m^"C~WX KJStfJ&^tr 

(i^o-o2-o-o5/ig«ftyF^y>;feo-oo 5 - o ■ i 2 ft g> 

1 5 %NAD PHOiin^o 

hfffltff LV^f F7 ^X^Jii, NAD P -f^ V K^Vf^Sr&T 

ifcli-, Chippaur, 3. -P. Reptile Venoms and Toxins r A.T Tu ? ed. f M 

arcel Dekker, Inc., p. 529-555^ h *U if t LT^Uf l^llt^o 

g^ga 2 6 

^/nfT^-fe'-f/'t^^- : 7^~JV^^-;v.x;i^~;v:7;i^ij K (PM 

SF) „ a^^y&a^:/;*^^ (^Hfflw^tLS^iSftJK : l 0 0 P 
M, 1 ^ M 3ttF i ^ M) 3 0^F'J7,-HC 1A?77- P H7-^ 

5 O^Q C#m (f i§t 1 0 0 S-ffl^TEJSSrffofco Mtc^U LTN 
ADPH^fflV^ t^li4^1 «^tVK^-», 3'5^90NTR 
^BiMft*) #0*1 2 ■ 5 i^NAD P HSr^Lfco f^VF^y> (4^9. ^ 
MffiXJith) ^DTTTSUci^ NADPHOTTR^^I, DTT 
£ 0 ■ b^t ^JUjLfco G 3 HfcJB^&MffcU SnM^tt? 1 -5^9 ^ 

> 1 2 - S^N AD P H<9#££ld1-(iMftfcfr ^>fco S 

SS-e i 5 S-wastiit^o KS£#it L, i o ^ 1 i o 0"^,? -pt 

^^y-JK 5^1 <?D2 0%SDS1CJ ! 1 0 j« "I CO 5 0 96 ^'J -fe JV^lM/C 



CSS) IfWl 0-5 1 0 244 

fco ^Tolii^fcu C^dSSXfitb) 7^tl^>fi£^£#MWK 

^ *c J: & 5 '7 ^ V V tf#G0«jc% 4 fc, SD S ~'f J 7^ 'J 

^7? WmBB r fe* MV*Tio*S *Lfc 0 t/n.^f 7* — -tf-f ^ K tf # - (DjffcX 

: T tf * ■ ^ D "7 n 9 CApis mellifera) co ^ -y T > Kn ? 

h5X-^-Xh5'J^ CAndroctonus austral is) ^ ^ cr>^ y rj sg&xfrfy if JV 
X - J if f^,CBungarus multi'cinctus)^^<7>^, \£*&% Sigma chemical 

7*T=r x T - ^4 y t: tf * - : "7 .x ^ JV* — 7 ju^- T J K ( P M S 

F) , ^-f^-y'&Tl^-fT.^^y^k Sigma chemical Co. - X l j - f}\ -fc > 

7— ( 1 0«*1N a. H P 0</Na H, P 0* p H 7 ■ 2 0 - 1 5^ N a C 1 ) K L 

sr-y&mcD^y^-f-m, 2 -8// 9 ; 7VKn^h>«^'t-^f?y^fi*« 



(89) 1 0-5 1 0 24 4 

^VD#, 0-3 2^9 ; RXfyytf^X ■ A fl/frW ^ h * fi*?)^ tf#> 0- 
1 6 ^9 0 ^5 5", 10^ 3 6 0 5-. 4E#ffl. 1 2l$MSO f 2 4 ff? 

M^K, & t m&-$Ltii-*'VX<Dffl*<D?Jl'-*7K (1) SHDfcft&tf (2) ( 

) 0-0 8/i9 <7>^ V K--r->>, 0-07^9 <?)NTRM2 5 "McDNAD p H 
£ffl V* £ 3MIrlf NAD P-ftVK^r^;(2)D TTXiiSTC'J *H«r»7n 
Lfc^* UK^-» (0-08^9 <Z>:*:fl§ffiXiiK r^* V K^rv^fc 1 

$*>i^^M^jv-"^tjfcie-r*3sta' (2) g&^^r&in^, 

hi gma Chemical Co.(^ — X V — *H-fe V r ;W ;0^£>fiSALfco *X*y^--lf 
A*^3 -2M(NH4) 2 S04-Mp H5 - 5 "TMftiffrS *L?fc<O-0S -t> > V =r > 3 k 
D aK»I^T3 O^h U-HC 1 ;^7r-, pH7 -9^^^/^ 

S?£S#fLfc<> a -~f>iTvi I ^Z'-s'B.&a --?>jfu h*Z/y 125 I tt, Dr. S 
hall a Verran^kTg-^stLjfco 

DL-i-'J ¥4 X"<D L - a - * X 7 T^y* 3'jy> NADPH^O 5 

jS-^JUfrXr^:?./ — ;V ^Shigma Chemical Co. C = - X T J — ffl > r JW * ) 
frh, 7*u^:-e^y (mBBr, Mun&f-XJ'i V) ^CalbiochemC* y y 
*fr~TtW>r4 x^^^iALfco KryiHttb^^ (SDS) *5 
y 7* V Fr^K^aa&MSag* Bic-Rad Laboratories*:* 'J7*^r 



C90) 1 0-5 1 024 4 

Jiaof, CL992)Ag. Food Chem. CfpJgtJ ^ ) \z fii> £ 0 K ^ V K * -> > 31 0* 

io FJ, £, (1988)Arch Biochem Biophys. 266:496-507)^ f^-V^V'/fS 
CFm^*^l^>V^OSI^^3ft5i-Ufe (JhlfiFlorencio F.J.^) 0 . KK^VF 
^v->Si. Dr. Emanuelle Wonman^^^^ti^p NADP-'JV^tfth* 

<r>MfrhWMLOaicquot r J .-P. fc, (1981) Plant Physiol, 68 
:300-304\ ^ ^ ^ > v ^ - 4r* ^ V V V ^ bfc (iifE F 

lorencio F. 3 . ) 0 ^jgt^ ^^l/K + ^V|i, Prof. A Hoi mgren^ jg.^ $ 

S D S ^° V 7 ^ 'J ^7 5 K^JVm^^Sf^r 1 ■ 5 irniff^) 10-20 %^J@B<TJP 
^-effi/^ 4 0^etI-e3TOSLfc o mHC«t«(«t, **JV£ 1 2 %Cw/v) 

S&Stfc 1 2 tit LTli^m B B r U?to (3 6 5™) 

K^v/^^T9> K7-fW 5 sa-CSf-fe^yrV^f^^-V^^f JI^- No. s ( 
K5^= 4 6 onm)Cg^i^rfl4 0^>> f 4 ■ 5 )=£rifi LT^JPO^J** t o fc 0 

>v^f}£ i o %ff^m^tF4 o * 0-125 %Cw/v)^-^> 

m 

jgf ft CPharmaci a-LKB Ultroscan XL) £ ffi T Lfco f^tVXLV^t- 
g|g 2 7 

5 f^N A D P H^r^tr SO^PU-HCl^y^T", pH7-9 <3iS$tf£* 



C91) =f#Si¥ 1 0-5 1 0 24 4 

TT»7Ci"*»#. NADPHS^NTR^tl, D T T * 0 ■ 5 ^M*- 

*v >\ 0 - 3 8 /( 9 « ^ ;V * "3" >' V ^ ;/ ^' - -if 0,]s ry ;., y y <y hWfrW 
S&Lfc), l^G S HS^ -5^NAD P H (£ 4 J^frOSL^frH^iN A 

h Lfeo -f >-3r^^- h L/d^ mB B r §r 1 - 5 "W^iffl*., EJS&SM 

JK 5/i"! ©20%SDS 5:0*1 0^1 «0 5 -b V - JH&ifllx. & £ 1 K J: 

V) »raBB r &mmVfc 0 2cK, S D S V JV-T 5 Ky;H^i"C 

Xif£^y^t-)vMyhMKMLX1/^^hl^^h-^ (DTT) RtfMyt&o 
fivF^-»fc'J #1 Wt V* * - ji-Stc^J * & o DTT t -ft^Jfei K 

NTS, DTTSW V K^r^^MCFUjSTcy l^'f t U K^rv 

S^^I^JT^S i t ti/: 0 i^tf b W >->Et 

8) o *S**^. NTSXiiDTT + ftl^^-»^^^^nf^y^ 
)? - f y 55Tn b ^ 5/ v WStg^J -e* & i £: # o fc 0 



C92) mm*? 1 0-5 1 0 244 

$mm 2 s 

NADP-'J y gmg^ FPyt-^gm 

tb K ) -IkWM -'J- 1 V K * v >• .. 0-2 5 ^9 ;t^4-^F4v^s 0-9^9 ; 
/J^ 1-15^3 ; * ^ V y V ^ f StfiiK ^ 0 -3 7 5 ^1 # 0-125 
^9 t^W^a^- J: ljfjo^o iS^-^NADP-'J V^f 

fftKD^t-lf, 1-4^9*1 0 O^f'JX-HC 1, pH7-9.3f*2 

1) o 2 5 4Wft, 1 6 0 ^ T W 5" a 3 >S^?8tSr 1 0 0 b *j ^ 

-HCK pH7-9XV0-2 5"*NADPH*^tt* (0-7 9^) I™" 1 
^fi(7> i cm^i^^ |. CSALfco 50^ <£> 5 0 "M***?- nft«£2MI;i<2> £ 1 

4 0 ™©K3fcJ£og£'fk£^e — 1 1 K J: *? N A D PBKfc£ffo fc 0 

DP -y v^Ift Fn^t-^^Mt^i©i|l^fL<ti^- 

^^fflJ 2 9 

t 3 7 tJ-C2 NfM^T V^jl**- b L/c 100^) o f&^S *L^«t "5 

s*~s 7 r-fr 0 ■ 8 ^9 Umi', 0 - 7 ^9 <?)NTRM2 ■ 5 

NAD P 

H^M^L^o ftVK^^y^DTTTlSt*^ NTRtNADPH^ 
DTT£ 0 ■ 5 ^itlBirco -f >3r > g »0-4/iSS 

O t 2^9«h'J/5'Ve3 7t^T10»II||ffl{I:U e DTT, 4-8^1 
ff)50 mM?t^. 5^1 ©20%SDS StF 1 0^1 <0 5 0 % ^ U -fen - JJ/^rJjn^. 



1 0-5 1 0 24' 

tits «t o ctitsi £ti*m-zn.*o 

MB. 0.0 34.1 

«5c> NTS 21.1 57.8 

S5tu. DTT 3.1 40.6 

Stc, DTT + Tr x 28.0 71.8 

. pH7-9*3 7*C-e2 &£W:/ W > h Lfc : fl, ^iDft b : ^CIIf 

lNADP/f*VW^ (NTS) , NTRXETNAD 
P H "PStc ; DTT, DTTTijc; MDTT+f-#VF^y^ T^W^* 

v K*^>-e*fcj£LjfcDTT-e»7Co >^^^-^3 o -4 



ggjfigj! 3 0 

obo de Araujof, Cl937)Toxicon 25:1181-1188 X 7 izWm&oymk 

^^ytm^x-mm^^^fzo m.jtmm^^ri±, 1 o^g ^#^^0 -8 



(94) mm^ 10-51024 

aC HO^NaCl, 4 n*lirtm^ V U ? A , 17 5^M^X*^7 
■7^vJV^U>^^5 y^J-)VV y K*^-T^ imlc7)^ff^ (pH 

3fcl£tf"C 5 5 8 nm©R3fefE^'ffcS'fiffS-?-« £ t J: 9 RiStfr^ fee 

^te^3 i 

S^frfLfcOGu Y. ^C1985)J. Neurosci. 5 : 1909-1916) 0 ^ ;**fflfl& s C^^^Gu 
J- CFalcon)^ i ^^;vabfc^fet 3 0 0 0fflJlfe<O|&f£"Cife3fif Lfco 48f 

0 nM a-7'>^P >^y> 125 I (2 6 'J-tJV) % 4 ^9 co?~ 

tl'F^^y, 3-5^9 ONTR (^K~XmM^^) 6 -2 5"^NAD P H 

Sr#tr 2 0 0 ^1 coy Vtft-A*;^7 7-Ci 0 rr^N a 2 H S 0«/N a Hz P 
O < pH7-24 1 0-15MNaC 1 3 7T:T2li*|i||7*W>^a'! 

- > Lfco **»^»CJ±, NT R iNADPH^ 1 ■ 2 5"«DTTl?f Ifttfc 

^-A^r^H^L. 3 7 'C-e2^W-f V^fa^ h bfco [B]«Hfl&* 
'J >I£-tS^^ @® L^t, 17xjH:^LT 1 0 rM a -f 

>tfu-Y*i/y l " 1 (2 0 0/.1 co 1 ; > Stilt- £;&II;Lfco 3 7tT 



C95) 10-5 1024 

2s$m-( h ttt, mmfrv 7 7--e»us 

#tTV^^^#i^i*t^ fg;^£*l*r J: 4 0-68^CaCh, 0-4 
9mM M gCl2. 4/i9 W^VF^v'^, 3-5^9 (?)NTRS^6 -2 5^N 

V»T 1 - 2 5"*^JPx_3t 0 CC] Itt^ !J 7 T - t 2 Sit 

Lfcm. 4 <D?-*U F3rz/>, 3 -5 ^9 ^NTRS^6 -2 S^NADPH 
^r#^i-& 2 0 0 ^1 <^#^£#^ i;k^)[i0^7t o NTRS^'N 
AD P H*l- 2 B^DTTtl^lito 7°V-h^3 7t!T2^/V^i^ 

^J^^Lfco 0 ■ 6 8t*IC a C I 0 - 4 9 nWM g C 1 z fc^-r* U >M- 

tfclCA^; 77-, 2 0 0^1 1 O^a --f^ifu h^r>-^ 12S I^^^ ^ ;V 

# K -7>*'nf^-> Vfi^ft 3 E co^-e^ff o fco 10 0 Sllf^I 
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117 

MA ^ % 

mm + M5m > mm — ► &± 

m^Mta-l* loa.o 

NTS 0.0 

DTT+ftI/F+*» 0.0 

NTS — NTR 63.0 

NTS-ftUK+^V 78.0 

NTS-NADPH 101.0 

2B#^ 37°C 2H#fMI. 37*C 

agTcSKEU ioo.o 

NTS 78.0 

DTTWUK4ri/V 76.0 

S5tM > m&mm, : * &± 

2 mm, 37X: 2 NHS, 37°C 

MjvMtSL L- 100. 0 

NTS 68.7 

DTT 85.0 

DTT+f*U F^f>-> 68.8 

tilNTS ^tl/K^v'V, NTRMADPH 



tltM3 2 

/NaH2PO.pH7-2^0-15MNaCl) S£ L Dso&^fiO 2 -^Ofg 

^ i g&tz*)) te^m-t2> :^9^h^^>b> 0-05-0-15^9 ; a - 
0 - 3 fxQ ; jgL&p h $r^y, 0 - 0 8 9 ^9o ft 
f*«D5fl% 10^ 3 0^ 6 0S-, 4B^W, 1 2B#M^CJ f 2 4 B^W^U fjuM& 
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$-Lti'wx<z>m*<D#'ji>-7K (i) nwft&tf (2) &t mmv>mmw 

<o$t>t) K&fk®m~ffi&Mt?2>) mti-^o ftvF^-»* (i) ^:S§Mna 

31^2 5^y^e;v<7)NADPH £ffiv>s ; (2) f-t^K^^>+i-2t/^ 
;vo3tgU-*!s'BU 0 - 0 8 // 9 cOytS^®^ k F^y^XitO- - 2-0 ,,9- fc 
F^^Srflfv**, (3) 0-0 8^9 0«ftl/Ry>XJiO-2 

mmKmrznri' K^^vosa**, (i) ld S oWvk^»^^ 

t:llt£ 9 VT^^^^-^r Shi gria Chemical Co. -X V — ffl -fe > h ;V 

fc^Iifiiaa'S*, ^ffi^^xKJ^^M^; lE^MSl^tim ; *>*«B3<&3jl 
*E<75[@m ; m§i$<7)#/Mb^£ ft&o "r ft kw^tto ft/Ml: tt, M#^^#<?># 

d-V K^r->>K J: )g x;tx"7 t K 'J jv (SH) V^;Wc^7c£ft& 0 -fto±&ffll£ 
^ (S-S) «|T'7 u;^-Ht?Sft-e^ , f^v^yv (SHtl) 



C98) mmW- 1 0-5 1 0 24 4 

<c4fc =5: fiK T^rar * i$ m r * u k * > -r^gi- & ^ ft v ^ ^ 

^VaVUMIi, $?3 L- < t±#tr 2 0^-2Nf^> Mfc^fS b < t±#b 3 0 1 

&i±. NADP-f*vm^ (nts) ^j&^fflv^^tMsx 

^ItMLTft 12-5-75.0^9, #f* t < lift 2 00-400^9 <^^^- V 
K*'»;ftl2- 5 - 3 7 5 /iS, $f £ b< fife 1 0 9-2 0 0^9 ^NTRJ 
0% 1-5-30// K 04U< - f)NADP HOUgBT^ & 0 

tiM 3 3 

**^i:onrii, l : 2 0tf/ff Cw/v), «L7Wi^>^x 

(*^n^No.3390DG f Miles Inc., 4 >^=v r .^ffi-xjl-^ h ) <£> l ; 5 £fc 



(99) ^»T1 0-5 1 0 24 4 

s^tfcfc (pbs) mum, 1:10 w/v % ^xtpk^^x (# 

^n^No.3597ED Miles, Inc., -{ y T -1 T i-fH^fr ? h) <?> 1 : 10PB 
SJffrJRfSSCTiaa, i:iO W/V ^Tl/KVX^7 ("* ^n^No.3708ED, 
Miles, Inc.,^>f^7tfflxjV^A^» © 1 : 5 P B S ^UU^m^ L £ o 
^ n ° n . 1:10 W /X 7frM^4^T (# ^ n ^ No. 30783 F Miles 

,Inc. f ^ >^ 7:Hfl^;V^>- H <7?1 : 5 PB SMt^itLfc 0 

^SLOS-^li, 0 ■ l m ^*$^i££, NADP/ftVK^ry^ (NTS 
) ^#k3gL. 10*#i:ii7l'^Vt4 - 8^9 4-2^9 
ONTRXO t l"*lNADPHfe (ft^^ft > 0-2 ml) ^y^aA^ft^H 
£#A,*f 0 ^2Mfiii> 1 -5"WDTT^CF4 ■ 8 ^9 <T> + * V K3r^> fc 

Hfc 0 ■ lmlfljjj&ttLfc^SLT V^r/ti^T (flii^S. 0-2^1) 

SftSI^Jtfc^CM^feiUKriiffiW^ttfcJ: -5 Kff®t7tCde la Motte-Cuery, 
F. £,(399l)Eur. 3. Biochem 196:287-294 Russel, M. £> (1988)3, Biol. Chem 
. 263:9015-9019) o ^^fXl^S^ oV>T{i, 0 ■ 0 5 ™\<T)%ffim& 2 - 4 ^ 9 
<7>f-^-V F^y'/, 2 - 1 /<9 WNTRMl^NAD PHt^>^a^>L 
fco MK, P B S C5I^ tMSr LfttflRltJft^ SISLfto DTTWMXS^ 
/hSt^^ 1 ■ 5^DTTS^2 -4^9 VK*y>M V^a^?- h Lfc 

2 5#M-f > U ?MXf n n n ^3 7r-eiB#W2 5 a**- > 

Lfc ^^f^^Ti^ 0-05 f 2 ■ 4 ^ S <^f t V K^f-> >, 2- 

l/zg^NTRStFinMNADPHt (*#5M&;ft, 0 - 1 ml) 3 7^72 5^ 

4 >*rzL^--y g >^ lX10 3 ~lX10 f XlilX10 3 -lXl 0 7 (Dmm 



CLO0) 1 0-5 1 0 24 4 

^MM 3 4 

m B B r m^mm/ SD_Sj VT? ') )VT g Kg ^ttj^jfrfefrffi l>NADP 

s 

cPBSKiii : 2-5, i: s&u* i : l ■ 5 MS Lfco 5 o ^ 

NAD P H^JfU^fc 0 -1ml) 0 Sfrjffitt, 50^1 <D&* comU^-* 

xJ&U*5 0 ^1 ©PB S Lfco 3 7V^2 5^ 

RH >^r^.^- h bTto >^r^^— ^ a 8 "I <D 8 O^mBB r SrtiPx. 

y-fx^y-jV, l 0^1 0%SDSmO f l <7)5 0%^U-fen-jv§r 

|iTilif©mB B r £^£Lfc 0 Kfl-*, J&mfcffi*3 *LfcmB B r/SD 

3 7 V%LJji~£>^XT U)P Xip<D? Vr<? J|Sra*fi9**3*7ci"4 t 
*>a*ofc 0 I?ffi^l3 3 ^fa^^tLjt^-rX^a^p^-x^^^PB S«^£ 

nts -cpw&c&si LTtsmrete, m b b r mm/ sds-pagejmv^ 

>\ 7 to 9*5-* V $ s£BXtl& AD P H t-i >^zl^<- h L;fc#-&\ 

T V fl^ > ^ > ^ J? * (I t ^ tt^ < Mju Ltefr^tzo 

mm^, l$m<0%;Tl'n>t"y^*X (#^n^No.3549ED Miles, Inc.^ >^ 
^7tfflx;v^^-f) ©PBStft^NTSi^f^^a^hU rtiBBr 
/SD5-PA GEfe^^T^LTlTcft V K T WV^V? > 

iz 0 M7UVft$f&> mBBr/SDS-PAGE^ffl^T^Wc. Ml*, # 
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H^-Cii, 1 0 ^ 9 ^) N T S iTcffiSar 1/ V ^ I, £-9^h^n 

^ry ^CShigma Chemical Co.)£ 2^9 <r> \ V 7 *s V •VUBM't Z>W&^ 

Wfrffiit WlZhV y #kMM1k j}-5^^n^J>^ 5 0 % t it^X 

> (Shigma Chemical Co.)£ 2^9 (?) f 'J t ^itjRltii^ Sit 

-9^ >7^3 ^J±, h ij :/WC80%? ^/^JfSHSLfco 0- 
8 ft 9 1/ K^ri^&tfO - 5^DTTrl7Cl/c lo^g^a-y^fr 

^ jfeM 3 5 

S£»L?5:- , 7 Shigma Chenrical Co.^^^ufco 

NTS. DTT+ftl/F^f^'A «7C^JV^^^> (GSH) # U'jgTG ^ JV * 
ftV^>^ft>V^^^-^/NAD PHt Lfco RJS£, PB S^-e2 

ff^^o NTSS'is^Ttt, 7-5mMNADPH. 2 -4^9 (7)ft !/K^rv'>'l 
^2 • 1 M 9 ONTR*fflW7t 0 ftV F^y^^DTTTlTcL/ci^ N A 
D P HOTTRg-^l, DTT£ 1 • 5 -CSnjifco Itffl UGS H*JKtt 
3nW-e*o7to GSH/GR/NADPH^TSSt4)tJ&i:, 3^GSH, 4 

- h ^ v-a 7 ^ 1 ^ 8 O^mBB r SriR*., KJS^SS. 

1 0 pi «2 0%SDSSO E 10/i'l O 5 0 J £V~-Jl'&lJH%-& i t *j 

litff)mBB r fcfNgLfco SCW* S D S # 0 'J JPT 3 K^Jl/WC 
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o/to G S HXfi G S H/GR/NADP Hti> Mt^DV^jKoSTE^L 
g§ff|gj 3 6 

fP'f J»©ii:-S#ff* 2 oeD^V-^^t/co 5 E<o^-f I 0 

- 2mlco^ s?f/t>^»«3 3 KfE^Sfrlfc 1 ^9 sofl^^Xi^^^ 
0t"^T (SQ) miVfco 4E^^^7^/I I l±0 -2nfl<&£::&foS. 

3 3Kfit) fc^JKfcSQ&ltLjfco Sfc, 9 E^fl £ 0 ■ 2 mlo 3 g ^ ;r/ * 
1/zg (SDKSl : 1 0 w/v^x VJV^^Ji^X (#^n^No.3549ED Miles, In 

VZ^y (Pitman-Moore ^ y *, jp^- rffl 7 -> > h a -> > ^) ^ItS 

3^>pp 1 ^9 <JDr-f X.x#:*£, iryis-J I I £D4 % K 0 - 2 ml 5 a 

1 ^9 ^4^51*. 9 Ecoff -f 0 -2"i1^^ g^/r/^i^g <t>^ 

^'^II&^^/U 5? I g EmtfTCFrlck O.L.£,C1983)Am J, Vet Res, 44: 
440-445)^ R a STM^fflV^; D ifRAST^n h ? ^(Mde,L. 

^C1967) Lancet 2: 1105-1107) , -> T'/ffiUflliftf >f -X ^ * 

#-f * £ 6 IHilL U a*«D^tT ^ ? (Ifelston-Purinaft, 5 X- V M 



CUD3) 1 0-5 1 0 24 4 

Vi&Zb&ibfr^itt itL [WlC-e^^9 ^GD#-f ^tif^Ift?) 2 4-0 ml 
WM&frmmm Otonrich-Eacon Co. ? u * + % y > ^ y i; 

3»tt^>^?S^tl>^>: I gE-RAS 2 img33 £ KiHlfe 

3iWp<0-0 0 5) &aSE^ftLfc>f #J3U i?^L<^<^I gEK 



C104) 



mt¥ 1 0-5 1 0244 



l-cS4L?to -hffl<D=M^ J&isj&atf^ (SP^. 4^51, ^ 

g grg) 3 7 

3 3 KSi^jlfcf^ V Fdr^>iSt|l7 Vfrfyfttili&V) 10 0^ 

m&mmt ufflv^co ^ v K^-->>^3sti, i x i o 3 %>m$L<v¥4 xt 5 

0 3 X 1 0 4 #f^^$L-C^&£!rSP, 1X10 e #ftO/hST^ 

js7C^ g UKjry > L jfejjjj T V A/ ? > CO T V )V ^-^Mfk^m^UM^ 

n KmM £ tt;t tube orvjvy^i^^^fflv^ ^ & ^ tva-^ -e^iifeM 



0.053 10 24 

^ ^ K )V^3^-^ Y 4 % & / & ^CHiU's Crivision of Colgate Palmoliv 
e Co., % yy-x-m h^*)-eifo tz 0 Z-CDM^, Stg^&^lgEicT) J: ^ 'SrBsSJ^Ji 

^JV-^C "MM" Xf± "^jrVV^^y^m" Ml H ^jEi^^&teiS 

r^m« ^ -4 XW^Fn (§k Sr «3fc Ross Laboratori es , * ^ ^ ^ ^ u 
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